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A
�

bstract. CD40 is a molecule in the tumor necrosis factor receptor/nerve growth factor receptor (TNFR/
�
NGFR)

family that is present on both normal and neoplastic B lineage cells. It is also expressed on carcinoma and
melanoma cells and can be augmented with interferon γ
 . CD40 stimulation in normal B cells has been demon-
strated to promote normal B cell differentiation and growth in vitro. In contrast to these effects, CD40 stimulation
b

�
y either anti-CD40 antibodies or a recombinant soluble CD40 ligand can inhibit the growth of human breast

c� arcinomas and aggressive histology B lymphomas in vitro and in vivo. This is believed to occur by activation-
-induced cell death (AICD) in which stimuli that promote the growth of normal cell types inhibit

�
 the growth of

neoplastic counterparts. This occurs through the induction of apoptosis, necrosis and/or cell cycle arrest. Thus,
C

�
D40 stimulation may be of potential clinical use in the treatment of carcinomas and B cell lymphomas. This

r� eview shall provide an overview of the various effects of CD40 stimulation on both normal an� d neoplastic cell
t

�
ypes.
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CD40

C
�

D40 is a 55 kDa molecule present on a variety of
c� ell types ranging from B cells9

�
 to endothelial cells3



0,

d
�
endritic cells3



3, some carcinomas2

	
4, lymphomas12, me-

lanomas48 and hematopoietic progenitor cells. CD40 is
a�  type 1 membrane glycoprotein3



3. It has 277 amino

a� cids with four similar repeating cysteine-rich extracel-
lular domains, each approximately 45 amino acids
l

�
ong44. It is a member of the nerve growth factor (NGF)/

/
�
tumor necrosis factor receptor (TNFR) family which

includes CD30 and CD95 (Apo-1/Fas)44.
C

�
D40 appears to play a critical role in the growth

a� nd differentiation of untransformed B cells3



, 9, 12.
C

�
D40 activation is required for antigen stimulated

B cells to produce specific isotypes of antibodies (IgG,
I

�
gA, IgM and IgE) in response to various cytokines, as

w� ell as proliferation and isotype switching3


3, 38. B cells

a� re able to proliferate and survive long-term in culture
w� hen CD40 is activated along with IL-4 in vitro7

�
. Li-
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g ation of CD40 activates resting B cells while increas-
ing their surface expression of stimulatory molecules
t

�
hat are involved in heterotypic aggregation3



3. B cell

i
!
mmunoglobulin (Ig) receptor activation and CD40

stimulation leads to phenotypic (CD38 and Fas) as well
a� s functional changes in germinal centers of the lymph
n� ode, within which CD40 stimulation causes B cells to
d

�
ifferentiate into memory cells instead of plasma cells4.

Ligation of CD40 on dendritic cells and monocytes in-
c� reases cytokine production and expression of costimu-
latory molecules3



3.

It has been shown that members of the TNFR family
a� ssociate with various signaling pathways such as the
TNFR-associated factor (TRAF) family and the Ice cas-
p" ase family3



3. In contrast to the TNFR and Fas families,

C
�

D40 does not contain a “death domain”  (DD) in the
c� ytoplasmic tail4

#
4. Although CD40 lacks a DD, there is

a�  shared homology with the intracellular region of p55
T

$
NFR2

	
7, 47. The most prominent protein associated with

C
�

D40 signaling is TRAF326. Although the precise role
f

%
or this protein is not known, it has a noticeable asso-

c� iation with the CD40 cytoplasmic tail in yeast two-hy-
b

�
rid experiments4

#
3. TRAF1 and TRAF2 contain spe-

c� ific DNA-binding protein motifs that could possibly
a� ct as transcriptional regulators4

#
3. TRAF2 is responsible

for the activation of NF-κB through CD4042.

CD40 Ligand

C
�

D40 ligand (CD40L): gp39, CD154, is a wide
p" leiotropic agent, affecting a large repertoire of cellular
i

!
mmunology. Activation of CD40 requires contact with

its ligand CD40L, a 39 kDa type 2 membrane glyco-
p" rotein that is primarily found on activated CD4+&

T lymphocytes25, mast cells and basophils2, 35. CD40L
h

'
as also been detected on blood dendritic cells4

#
0, eosi-

nophils16, activated NK cells8, B cells19 and platelets22.
I

�
ndividuals congenitally lacking this ligand have a defi-

c� iency in circulating IgG antibodies, also known as
hyper IgM syndrome1. This syndrome is characterized
b

�
y a decrease in antibody production and defective

a� ntibody class switching1.
C

�
D40L is a member of the TNF family25. The gene

m( aps to the q26 region of the X chromosome18. The
p" rotein contains 261 amino acids, with a 215 amino
a� cid extracellular domain, a 24 amino acid transmem-
b

�
rane domain, and a 22 amino acid intracellular do-

m( ain2
	
5. CD40L induces cytokine production, regulates

B cell function and exhibits tumoricidal activity in pe-
r� ipheral blood monocytes2, 3, 48. Recombinant CD40L

i
!
n the presence of interleukin 4 (IL-4) and IL-13 causes
t

�
he proliferation of B cells and isotype switching6

)
.

C
�

D40L has been engineered to exist as a soluble
l

�
igand18. The soluble recombinant ligand contains the

e* xtracellular domain of CD40L fused to an amino-
p" roximal 30 amino acid-modified leucine zipper
m( otif3



5. Murine and human forms of CD40L have been

shown to be directly mitogenic for murine and human
B lymphocytes in vitro2, 3. In addition to the induction
o+ f proliferation and differentiation on B cells, srCD40L
has also been shown to prevent apoptosis of B cells3



5.

Furthermore, CD40L has also been shown to be an
i

!
mportant costimulatory molecule present on T cells3



.

Even though CD40L is expressed mainly on CD4+

T
$

 cell populations, the ligand has been shown to exert
a�  stimulatory function on both CD4+ and CD8+ T cell
p" opulations3



. Engagement of CD40 by CD40L on acti-

v, ated CD4+ T cells is believed to result in the trimeri-
z- ation of CD40 on B cells and is thought to lead to
signal transduction5

.
. CD40-CD40L interactions thus

p" lay critical roles in immune function.

CD40 Expression and Function 
o/ n Neoplastic Cells

C
�

D40 has been shown to be expressed at high levels
o+ n various types of lymphomas, including non-Hodg-
kin’s lymphomas (NHL)5

.
1, follicular non-Hodgkin’s

lymphomas (F-NHL)29, 50, hairy-cell leukemia3



2, and
B

0
 chronic leukocytic leukemia (B-CLL)10. Stimulation

o+ f CD40 on these neoplasms gives rise to different re-
sults depending on the particular tumor type. Activation
o+ f CD40 on hairy cell leukemias, F-NHL, B-CLL, and
indolent (low-grade, slow progressing) neoplastic B
c� ells has been shown to promote growth5

.
, 10, 29, 32, 33. In

m( arked contrast, high-grade aggressive histology NHL
such as Burkitt’s lymphoma and Epstein-Barr virus
(EBV)-derived lymphomas do not proliferate when
stimulated by CD4015. Stimulation of CD40 in Burkitt’s
lymphoma and EBV lymphomas inhibits cell growth
p" resumably by the induction of activation-induced cell
d

�
eath (AICD)12, 13, 15.

Myeloma is a neoplasm of terminally differentiated
b

�
one marrow plasma cells3



9, 49. CD40 is present on the

majority of established myeloma cell lines and myelo-
ma cells isolated from plasma cell dyscrasia (PCD) pa-
t

�
ients49. Interestingly, malignant plasma cells have in-

c� reased CD40 expression over untransformed plasma
c� ells49. CD40 stimulation by either anti-CD40 antibody
o+ r CD40L modulated growth in these neoplasms49. It
w� as found that treatment with anti-CD40 antibodies
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p" romoted clonogenic growth and enhanced in vitro
g rowth49. However, it has also been shown that myelo-
ma lines highly expressing CD40 are completely
g rowth inhibited by CD40 stimulation3



9. This growth

inhibition occurred by incubation with either CD40L or
a� nti-CD40 antibody3



9.

C
�

D40 is also present on some melanoma and carci-
noma cells, although to a much lesser extent than on
lymphoma cells24, 48. Human malignant melanoma
(MM) is an immunogenic tumor that is infiltrated by
C

�
D4+&  and CD8+&  T cells4

#
1. Stimulation of CD40 on

MM’s has been shown to induce apoptosis as well as
e* nhance tumor-specific cytotoxic T lymphocyte (CTL)-
-mediated killing of these cells3



4, 47. CD40 ligation on

e* stablished melanoma cells lines stimulates the release
o+ f IL-6, IL-8 and TNF-α3



4, 47.

C
�

D40 is also found on carcinomas of the breast4
#

5, 52,
a� nd bladder28, although present to a much lesser extent
o+ n their normal tissue counterparts. The functional sig-
nificance of CD40 on these transformed cells is not yet
k

1
nown. WI

2
NGETT et al.5

.
2 showed that CD40 stimulation

o+ n breast carcinomas results in enhanced susceptibility
t

�
o Fas-mediated apoptosis and marked growth inhibi-

t
�
ion. Similarly, stimulation of CD40 on breast carcino-

m( as by CD40L was shown to result in AICD and a de-
c� rease in proliferation24, 52. Interestingly, while CD40
i

!
s present on the normal tissue counterpart of B cell
lymphomas, it is not expressed on normal breast epi-
t

�
helial cells to a significant degree4

#
5. This surprising

o+ bservation implies a potential role of CD40 in the sur-
v, ival and progression of these neoplasms.

IFN-γ
  Increases CD40 Expression 
o/ n Carcinoma Lines

T
$

reatment of several human breast carcinoma lines
w� ith IFN-γ
  resulted in increases in the surface express-
i

!
on of CD40, suggesting potential adjunct use in tumor

t
�
herapy9

�
, 24. This treatment can also augment the growth

inhibitory effects of CD40L in vitro9
�

, 24. Four breast
c� arcinoma lines were used by HIRANO et al.24 for studies
w� ith IFN-γ
  and CD40L. MDA231 cells were isolated
from a poorly differentiated adenocarcinoma, BT20
c� ells from an infiltrating ductal carcinoma, and T47D
c� ells from a pleural effusion of a ductal carcinoma2

	
4.

Each of these lines was pretreated with 500 U/ml IFN-γ


p" rior to CD40 expression staining or anti-CD40 treat-
m( ent. HI

2
RANO et al.2

	
4 showed that pretreatment with

IFN-γ
  can increase CD40 expression on human breast
c� arcinoma lines (Table 1), and increased growth inhibi-
t

�
ion of these lines. Thus, the subsequent increase in

C
�

D40 expression following IFN-γ
  treatment renders
t

�
hese neoplastic cells more susceptible to inhibition by

C
�

D40L therapy. Furthermore, WINGETT et al.5
.

2 also
showed that the levels of CD40 on MDA231, T47D and
BT20 carcinoma lines are also increased with IFN-γ


t
�
reatment.

Activation-Induced Cell Death

It has been shown that some signaling agents of
normal cell activation can inhibit the growth of trans-
f

%
ormed cells. This phenomenon is known as AICD and has

b
�
een extensively studied in lymphocytes. AICD can occur

b
�
y cell cycle arrest, apoptosis and/or necrosis17, 21, 33.

E
3

xamples of AICD are: cell cycle arrest by anti-CD1917,
a� nd CD30 mediated necrosis2

	
1. Along with these mech-

a� nisms, members of the TNF family such as Fas/APO-1,
c� ontain receptors also known as DD2

	
0 that signal cell

d
�
eath upon ligation. Engagement of these receptors

o+ ften causes the induction of caspases, therefore caus-
i

!
ng the cell to undergo apoptosis3



1. Stimulation of

C
�

D30 was also shown to induce death on large cell
lymphomas and cells of epithelial origin23. CTL are
a� lso able to eradicate their target cells through these
d

�
eath receptors23. GRELL et al.20 showed that cytotoxic

e* ffects induced by CD30, CD40 and TNFR-2 are medi-
a� ted by the exogenous production of TNF, there by
c� ausing an activation of TNFR-1 and an increase in
c� ytotoxicity.

Somewhat paradoxically, CD40 has been shown to
b

�
e an anti-apoptotic molecule, as it has the ability to

rescue untransformed B lymphocytes and low grade
l

�
ymphomas from apoptosis28. However, CD40 stimula-

t
�
ion has been shown to cause AICD in some aggressive

B lymphomas and carcinomas17. The mechanism by

Table 1. T
4

he effects of IFN-γ5  treatment on CD40 expression in
human breast carcinoma

C
6

ell line               
C

6
D40 expression
without IFN-γ5

(
7
%)

CD40 expression
w8 ith IFN-γ5

100 U/ml, 48 h
(

7
%)

Daudi
MDA231
T47D

8
9
0.6

24.0
10.2

–
81

 51.2

Daudi, MDA231, and T47D cells were analyzed for changes in
CD40 expression due to IFN-γ5  stimulation.  Cells were stimulated
with 100 U/ml IFN-γ5  for 48 h.  A control group was included, with
no IFN-γ5  stimulation.  Cells were stained with anti-CD40 (M2
clone), followed by a secondary stain of goat-anti-mouse-fluoroiso-
thiocyanate (GAM-FITC).  The cells were then analyzed on an
EPICS flow cytometer. 
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w� hich this occurs is yet unknown, since CD40 contains
no DD. Possible mechanisms include Fas triggering and
t

�
he induction of various cytokines such as TNF-α and

a� ppear to be related to the neoplastic state of the
t

�
umor2

	
0, 33.

CD40 Stimulation as a Therapy 
for Lymphoma and Carcinoma

The use of anti-CD40 antibodies in vitro as well as
in vivo has proved to be inhibitory against various
h

'
uman carcinomas and lymphomas. CD40 specific

a� ntibodies significantly inhibit the proliferation of Bur-
k

1
itt’s lymphoma lines as well as lines from a diffuse

l
�
arge cell lymphomas12. An optimal growth inhibition

o+ f 40–60% in the Daudi Burkitt’s lymphoma line (as
a� ssessed by thymidine incorporation) was reached with
a� nti-CD40 antibodies (M2 and M3 hybridomas,
IgG1)12, 13. In examining the effects of anti-CD40 on
l

�
ymphoma growth in vitro it was found that cross-link-

i
!
ng of the antibody significantly increased the inhibi-

t
�
ory effects seen in these lines in contrast to treatment

w� ith  a  soluble  antibody12. For example, soluble anti-
-CD40 monoclonal antibodies (mAbs) showed no in-
hibitory effects in vitro on the Burkitt’s lymphoma line
R

;
aji; however, prior immobilization of the antibody did

result in inhibition15, 13. Similar effects on cell growth
w� ere also seen when CD40 was stimulated in human
b

�
reast carcinomas (Fig. 1). Anti-CD40 antibodies have

b
�
een shown to prevent human B cell lymphomagenesis

in the HuPBL/SCID mouse model while concurrently
p" romoting human B cell engraftment12, 15. MU

<
RPHY et

a� l.3


6 showed that the treatment of HuPBL/SCID mice

w� ith antibodies directed towards CD40 could improve
secondary human IgG responses in these mice.
HuPBL/SCID mice treated with anti-CD40 mAbs pro-
d

�
uced high human IgG responses to doses of diphtheria

t
�
oxin (DT) vaccine challenge. In these mice however,

t
�
here was little or no DT-specific IgM response de-

t
�
ected, suggesting that anti-CD40 antibody stimulation

i
!
n huPBL/SCID mice promotes strong human second-

a� ry IgG responses3


6. These data suggest that the use of

a� nti-CD40 is selective in inhibiting transformed cells
b

�
ut promoting normal B cell function.

Treatment with anti-CD40 antibodies also increased

F
=

ig. 1. Effects of anti-CD40 antibody on carcinoma proliferation. MDA231 cells were treated with anti-CD40 (M2 clone) and isotype
matched IgG1 for 72 h. Proliferation was measured by MTT incorporation and optical density (OD) was taken at a wavelength of 570
n� m. Greatest inhibition was seen at 10 µ> g? /ml
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t
�
he survival of mice-bearing human B lymphoma (Fig.
2). The inhibition of these B cell lymphomas in vivo
a� ppears to be due to AICD of the lymphoma cells,
a� lthough antibody-dependent cell-mediated cytotox-
icity (ADCC) also plays a role in the efficacy of these
a� ntibodies in vivo15. Similarly, increases in survival
w� ere seen in mice bearing carcinomas2

	
4. HIRANO et al.2

	
4

showed that the use of anti-CD40 (M3 clone) in the
t

�
reatment of tumor-bearing SCID mice was capable of

significantly increasing the survival of these mice. In
t

�
he same model, it was also seen that srhCD40L was

a� ble to significantly prolong the survival of human car-
c� inoma-bearing mice.

A
�

nti-CD40 Treatment and EBV Lymphomas

T
$

reatment of B cells with anti-CD40 antibodies has
b

�
een shown to prevent the occurrence of EBV-lympho-

mas in vitro15. FU
<

NAKOSHI et al.11 also showed that treat-
ment of EBV transformed B cells with anti-CD40 in-
h

'
ibited growth of these cells. When HuPBL from

EBV-seropositive donors is injected into SCID mice,
B

0
-lymphomas spontaneously arise3



7. These EBV-in-

d
�
uced lymphomas are analogous to those found in im-

munocompromised individuals such as AIDS patients
o+ r organ-transplant recipients46. FU

<
NAKOSHI et al.11 also

d
�
emonstrated that the incubation of anti-CD40 with

EBV-induced B-lymphoma cell lines derived from
HuPBL/SCID mice resulted in a significant inhibition
o+ f proliferation in vitro and in vivo.

Treatment of SCID mice receiving huPBL with
a� nti-CD40 mAbs has also been shown to prevent the
o+ ccurrence of EBV-induced B-lymphomas. The admin-
istration of anti-CD40 mAbs at the time of huPBL
t

�
ransfer into SCID mice not only prevented EBV lym-

p" homa development, but also promoted normal human
B cell engraftment in the recipient mouse11, 15. Thus,
C

�
D40 stimulation augments normal human B cell func-

t
�
ion but inhibits neoplastic B cell growth.

Treatment with CD40L

Activation of CD40 by CD40L in five different ag-
g ressive histology NHL cell lines has been shown to
have anti-proliferative effects on these lines that include
a� n increase in Fas expression and, therefore, Fas-medi-
a� ted apoptosis5

.
3. FU

<
NAKOSHI et al. also showed that

t
�
reatment of various B lymphomas with CD40L also

had an inhibitory effect on proliferation in vitro. Incu-
b

�
ation of Daudi lymphoma cells with CD40L produced

a�  maximal inhibition of 60–80% (Fig. 3).

F
=

ig. 2. Effects of anti-CD40 on survival of tumor-bearing mice. Mice were treated with either isotype matched control antibody or
a@ nti-CD40 (M2 clone). Two lymphoma lines were examined, RL and TU2C. Effects of the anti-CD40 antibody were measured by the
mean day of death seen in each group of treated mice
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Furthermore, stimulation of CD40 by CD40L has
b

�
een shown to be beneficial in a syngeneic bone mar-

r� ow transplantation model14. FU
<

NAKOSHI et al.14 showed
t

�
hat in lethally irradiated mice, treatment with a recom-
b

�
inant soluble murine CD40L following syngeneic

b
�
one marrow transplant resulted in increased bone mar-

row and splenic hematopoietic progenitor cells. Treat-
m( ent with CD40L also resulted in an increase in pla-
t

�
elet and granulocyte recovery in the peripheral blood,

indicating that CD40L may be advantageous in facili-
t

�
ating hematopoietic reconstitution14. Furthermore,

t
�
here was also an increase in T cell mitogen responsive-
ness and an increased production of IL-415. B cell re-
c� overy was also accelerated in this model14.

C
�

D40 stimulation by a recombinant soluble human
C

�
D40L has also been shown to significantly inhibit the

p" roliferation of human breast carcinoma as well as in-
d

�
ucing apoptosis in the CD40+&  carcinoma lines tested

(Fig. 4). WINGETT et al.5
.

2 showed that CD40L signaling

in IFN-γ
  pretreated MDA231 and T47D cells signifi-
c� antly decreased proliferation. Apoptosis was not ob-
served in T47D cells with CD40L alone, showing the
necessity of IFN-γ
  treatment to upregulate CD40 ex-
p" ression. The addition of anti-Fas antibody along with
C

�
D40L treatment produced higher levels of apoptosis,

d
�
enoting a synergy between the two.

I
�
n conclusion, CD40 stimulation by its ligand may

g ive rise to two different outcomes. In untransformed
B cells and low grade lymphomas such as follicular
lymphomas, treatment with CD40L may result in in-
c� reased growth, whereas in aggressive B lymphomas,
C

�
D40L treatment appears to result in activation induced

c� ell death. In breast carcinoma cells, however, CD40
ligation only appears to result in growth inhibitory or
a� poptotic effects. Cytotoxicity may be augmented by
t

�
he addition of IFN-γ,
  which increases CD40 express-

i
!
on on these cells, therefore increasing the anti-prolif-

e* rative effects of CD40L.

Fig. 3. Effects of srhCD40L on lymphoma proliferation. Daudi cells were treated with srhCD40L or human antibody (HuAb) serum for
7
A
2 h. Proliferation inhibition was measured by MTT incorporation and optical density (OD) was taken at a wavelength of 570 nm. The

g? reatest inhibition of proliferation was seen at 10 µ> g/ml
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Clinical Applications

O
B

ne major factor affecting the use of mAbs in treat-
ment is the neutralizing human anti-mouse antibodies
(HAMA) that often result during antibody treatment.
A

C
nti-CD40 inhibitory effects primarily appear to be due

t
�
o ADCC13. The use of soluble CD40L can circumvent

many of the problems associated with the use of anti-
b

�
odies for treatment. The leucine zipper motif on

C
�

D40L has little or no immunogenic effect3


.

T
$

he mechanism by which CD40 is able to eradicate
t

�
ransformed cells is yet unknown. It is possible that

t
�
here is exogenous production of TNF upon CD40

stimulation, therefore causing involvement by TNFR-1
b

�
y CD40 stimulated cells. Another possible mechanism

may be due to an increase in Fas expression on some
C

�
D40 stimulated cells. Finally, it is possible that CD40

stimulation may increase levels of pro-apoptotic genes
a� nd proteins such as Bax and Bclx-S. However, addi-
t

�
ional studies are required to determine the precise

m( echanisms of CD40s anti-tumor responses as well as
t

�
he types of cancer in which CD40 stimulation might

b
�
e clinically useful.
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